lung cancer (NSCLC), particularly in females, never-smokers, and those with adenocarcinoma histology. [1] [2] [3] In 2004, specific mutations in the EGFR TK domain were identified, which confer sensitivity to EGFR TKIs. 4 -6 These activating somatic mutations of the EGFR gene were more prevalent in patients who derived greater clinical benefit from EGFRTKIs. 4 -9 The most common EGFR sensitizing mutations are exon 19 microdeletions, which remove a leucine-arginineglutamic acid-alanine motif, and the exon 21 L858R point mutation, which produces a leucine-to-arginine substitution ( Figure 1 ). Together, these two types of mutations comprise up to approximately 85 to 90% of known EGFR activating mutations in NSCLC. 8 -11 Some mutations, particularly in exon 20, are associated with resistance to EGFR TKIs. 10, 12 The Phase III IRESSA Pan-ASia Study compared gefitinib with carboplatin/paclitaxel in previously untreated, never-smokers/light ex-smokers with advanced pulmonary adenocarcinoma in East Asia and confirmed the predictive value of EGFR mutations. Patients with EGFR mutationpositive tumors (n ϭ 261) had significantly longer progression-free survival (PFS) with gefitinib (hazard ratio [HR, gefitinib:carboplatin/paclitaxel] 0.48; 95% confidence interval [CI] 0.36 -0.64; p Ͻ 0.001), whereas those in the mutation-negative subgroup (n ϭ 176) had significantly shorter PFS with gefitinib (HR 2.85; 95% CI 2.05-3.98; p Ͻ 0.001). 13 Patients with EGFR mutation-positive tumors also had higher objective response rates with gefitinib versus carboplatin/paclitaxel (71.2% versus 47.3%; p Ͻ 0.001), whereas those with EGFR mutation-negative tumors had lower objective response rates with gefitinib compared with carboplatin/paclitaxel (1.1% versus 23.5%; p ϭ 0.001).
Results similar to the Phase III IRESSA Pan-ASia Study have also been seen in several other studies including other prospective studies of first-line gefitinib, 14 -21 and three further randomized phase III studies that compared first-line gefitinib with doublet chemotherapy. [22] [23] [24] In one of these phase III studies (NEJ002; n ϭ 198), gefitinib compared with carboplatin/paclitaxel resulted in a higher response rate (74.5% versus 29.0%) and longer PFS (HR 0.357; 95% CI 0.252-0.507; p Ͻ 0.001) in patients with EGFR mutationpositive tumors. 24 Activating EGFR mutations also seem to be associated with response to erlotinib. A large-scale screening study identified EGFR mutations in patients with NSCLC, who were then considered for first-or second-line therapy with erlotinib. 25 From 2105 screened patients, EGFR mutations were detected in 350 patients, and of these, 217 patients received erlotinib. In those patients with EGFR mutationpositive tumors, erlotinib resulted in an objective response rate of 70.6%. The exon 19 deletion mutation was associated with a higher probability of response (odds ratio 3.08; 95% CI 1.63-5.81; p ϭ 0.001). This study also demonstrated that large-scale screening of patients for EGFR mutations is feasible and results in improved clinical outcome.
Gefitinib has received European approval for the treatment of adult patients with locally advanced or metastatic NSCLC with activating mutations of the EGFR-TK. Although American Society of Clinical Oncology guidelines recommend EGFR mutation testing in patients with NSCLC, 26 this procedure has yet to be broadly established in Europe as it has been for KRAS mutation testing in colorectal cancer. [27] [28] [29] The "EGFR testing in NSCLC: from biology to clinical practice" workshop was held on 27-28 November 2009, Vienna, Austria, under the auspices of the International Association for the Study of Lung Cancer and the European Thoracic Oncology Platform. This European multidisciplinary workshop, which was attended by clinical and scientific experts involved in the management of advanced NSCLC, aimed to develop recommendations to facilitate the implementation of EGFR mutation testing in clinical practice. The 122 participants included molecular biologists, pathologists, surgeons, chest physicians, and medical oncologists. Breakout groups addressed the identification and preparation of suitable biopsy/sample material and optimal methods for high-quality EGFR mutation testing. The key conclusions of the breakouts were reviewed and discussed in plenary sessions among the entire workshop group. Here, we summarize consensus recommendations for biopsy methods and EGFR mutation testing and provide a flowchart of the overall process ( Figure 2 ).
GENERAL CONSIDERATIONS FOR EGFR

MUTATION TESTING
A key conclusion was that close collaboration, communication flow, and coordination between the departments involved in the management of lung cancer is essential to implement EGFR mutation testing in routine practice. This process involves clinicians, pathologists, molecular biologists, and radiologists. Awareness of the need for tumor material for routine EGFR mutation testing has to be raised. This is a key step in allowing all patients with EGFR sensitizing mutations to benefit from treatment with an EGFR TKI.
Which Patients Should Be Tested?
The decision to test for EGFR mutations should be made by the treating physician at the time of diagnosis. This decision may depend on the availability of sufficient tissue; therefore, it is vital that biopsy methods are optimized, and that tissue is conserved at initial diagnosis and whenever possible thereafter. Although all patients with NSCLC may eventually be tested, the primary focus could be on patients with adenocarcinoma and/or patients with a negative smoking history because the frequencies of mutations are particularly high in these patients.
Potential prescreening strategies were discussed. These included the issue of whether focus should be on specific patient populations such as never-smokers and/or patients with adenocarcinoma. Molecular prescreening techniques such as high-resolution melting analysis were of some interest for prescreening. 30 -32 Immunohistochemistry could be a useful prescreening test because it detects the most common and relevant mutations at the protein level (e.g., exon 19 deletions), but does not detect all mutations. 33, 34 Circulating tumor cell DNA testing could also provide an initial screen. However, circulating tumor cells are limited by numbers and difficult to extract. Some participants suggested KRAS mutation testing as a prescreen method but currently, its use is not standard for excluding EGFR mutations in clinical practice. Although some of these assays may prove useful as prescreening methods in the future, there was no consensus agreement on current prescreening algorithms.
Are There Minimum Requirements for a Laboratory to Undertake EGFR Mutation Testing?
EGFR mutation testing should only be done in a quality-assured setting. There should be accreditation for EGFR mutation testing in Europe, at a national or even European level. The establishment of reference laboratories in Europe may also be helpful: such laboratories exist for KRAS mutation testing in colorectal cancer. [27] [28] [29] What Are Acceptable Timelines for the Different Stages in the Process?
Timelines are a key consideration in the management of patients with advanced NSCLC. Results from mutation testing should become available to the treating physician as soon as possible. After tumor biopsy and its transport to the pathologist within 24 hours, the pathology report (except immunohistochemistry) should be completed within 1 to 2 working days. The EGFR mutation testing should then be completed within another 5 to 7 working days. The overall process from sampling (or ordering of the test) to availability of the mutation results should not take more than 10 working days ( Figure 2 ).
BIOPSY AND TISSUE SAMPLING METHODS
When Should Tissue Collection Occur?
Tissue collection specifically for EGFR mutation testing is unlikely to occur. Therefore, samples used for tumor diagnosis will also be used for mutation analysis. Rebiopsy, specifically for EGFR mutation testing could be considered at the time of recurrence or disease progression, or even during initial patient work-up, if diagnostic samples are inadequate for mutation analysis. The benefits of obtaining as much tumor tissue as possible during any biopsy procedure and storage of this tissue after initial pathologic diagnosis were emphasized.
It might be good to also obtain a plasma or blood sample that can be tested if the tumor analysis fails, but this approach is currently considered experimental.
From Which Tumor Site Should the Biopsy Be Taken?
The biopsy site should be selected by the clinician who will perform the biopsy. In general, the biopsy should be taken from the most easily accessible tumor. Although pathologists had no preference with regard to the disease site, e.g., primary tumor, lymph node, or distant metastases, all participants agreed that further research into the potential mutation discordance between the primary and different metastatic sites is clearly indicated. 35 
Which Biopsy Techniques Should Be Used to Ensure High-Quality Tissue Samples and What Volume of Sample Is Needed?
Several well-established biopsy techniques can be used to obtain high-quality tissue samples: needle core biopsy, transbronchial biopsy, endobronchial biopsy, computed tomography-guided needle biopsy, mediastinoscopy, video-assisted thoracic surgery, and thoracotomy. Number of biopsies and cells obtained by the various techniques are summarized in Table 1 .
How Can Complications Be Prevented and Minimized?
Every precaution should be taken to prevent and minimize complications. Additional biopsies have little adverse effect on the complication rate.
What Tumor Content Should the Biopsy Material Have for Successful EGFR Mutation Analysis?
Before molecular analysis, the tumor cell content of the tissue sample should be determined to assess the reliability of subsequent test results. There was agreement that the ratio of malignant to normal cells within the sample is crucial for the detection of tumor-specific mutations. In this regard, determination of the relative proportion of tumor (cellularity) in the sample being tested, as a percentage of all cells, is recommended. Tumor cell enrichment by manual dissection may be required to improve accuracy of the test results in case of sequencing. Laser capture microdissection can also be used but is not required.
The minimum number of tumor cells required for adequate mutation testing is ill-defined, although the clear consensus was that as much material as possible should be obtained. Ideally, a sample should contain at least 200 to 400 tumor cells, but this is rarely achieved in routine. For DNA sequencing, the percentage of tumor cells should ideally be at least 50% although with good technical procedures reliable results can be obtained with tumor percentage as low as 10 to 20%. Several methods with higher detection sensitivity can detect mutations present at very low levels (1-5% of EGFR gene copies mutated), allowing the possibility of mutation detection when tumor cell proportion is less than 10% of the test sample.
How Should the Biopsy Material Be Prepared for Subsequent Pathology and EGFR Mutation Testing?
Handling of tumor specimens has yet to be standardized. There was agreement that 10% neutral-buffered formalin is the optimum fixative, whereas Bouin's fluid should not be used and other fixatives have yet to be validated against formalin. The fixation time should be as short as possible, yet sufficient to permit diagnosis. For example, it has been shown that fixation times of 6 to 12 hours for small biopsy samples and 8 to 18 hours for larger surgical specimens generally give best results. For other techniques, such as DNA extraction and polymerase chain reaction (PCR), the optimal fixation times have yet to be established. Because tissue samples are 
Can Cytology Samples Be Used?
Cytology samples may be suitable for analysis but further research is needed to fully understand the clinical reliability of mutational data obtained from these samples. Until then, clinicians should be encouraged to provide tissue biopsy samples whenever possible.
STANDARD METHODS FOR EGFR MUTATION TESTING What Are the Best DNA Extraction Methods?
A range of extraction methods may be used. There was no consensus on which was the best method. Simple columnfree methods, e.g., Gentra Puregene Blood kit (QIAGEN GmbH, Germany), were recommended in cases in which sample material is limited, whereas other methods, e.g., QIAGEN FFPET kit (Formalin-Fixed Paraffin-Embedded Tissue kit; QIAGEN GmbH, Germany) can be used when material is more abundant. Alternative, simple purification steps may be appropriate for all samples. Further research to define the optimal DNA extraction method is needed.
There was general agreement that the quality of amplifiable DNA is more important than its quantity. Mutation testing should only proceed when the PCR-amplified DNA has been judged to be sufficient. To improve results, quality assurance (QA) procedures have been recommended, based on defined criteria for the quality of the sample. The QA results should also be reported to the clinician. If a sample that does not meet these QA criteria is EGFR mutation positive, and a standard EGFR mutation test has been carried out, the result can be reported as it is rare to have false positives. However, if a sample that does not meet these QA criteria is EGFR mutation negative, it should be reported that a mutation was not found but that the presence of a mutation cannot be excluded due to the poor quality of the sample.
What Are the Best EGFR Mutation Testing Techniques?
A variety of methods are used to detect EGFR mutations. These methods include direct sequencing, the Amplification Refractory Mutation System (ARMS), length analysis, and denaturing high-performance liquid chromatography. These methods have different advantages and disadvantages (Table 2) , and there was no consensus agreement on which was the best method. Some tests only detect the most common activating mutations, whereas other tests can detect all mutations. DNA sequencing is widely used. It can detect all mutations, but is usually more time-consuming. However, with sequencing there is no need for batching of samples and it provides better contamination control as the exact, specific mutation in the sample can be determined. ARMS is more sensitive than sequencing, but detects fewer mutations. In cases in which available DNA template is limited, the most common sensitizing mutations found within exons 19 and 21 should be assessed as a priority.
Under What Circumstances Should the EGFR Mutation Test Be Repeated?
Several criteria for the test to be repeated have been recommended. The test should be repeated if a new (unreported) mutation is found because of the possibility of a false positive result. 36 The test should also be repeated in case of poor sequence data (with primary PCR and sequencing), if the cycle threshold is close to the defined cut-off limit (with the ARMS-based kits) or if other quality assessment criteria are not met.
In case of failed tests, the following options exist: repeat PCR; fragment analysis for exon 19, which is very sensitive; TaqMan for exon 20 and 21; DNA extraction from new tissue sections; repeating the test using different samples, if available; and discussing other options with the pathology team. Networking for second opinions with different methodologies might also be useful. In all cases, it is best to start again from tissue if available and to discuss difficult samples with the individual clinician or team managing the patient.
How Should the Results Be Reported?
The report on the mutation status should be submitted by the pathologist or the molecular biologist in close collaboration with the pathologist. The report should contain the following information: details of the tissue block tested, sample source, biopsy method used, sample size and quality, tumor content of the sample extracted for DNA, methodology used, exons tested, and mutation present/absent. Details of the specific mutation found and their relevance with regard to response to EGFR-directed TKIs should be documented, e.g., whether they are sensitizing mutations to TKIs, TKI-resistant mutations (T790M) or mutations with unknown relevance with regard to response to EGFR-directed TKIs. New mutations should be checked against the Greek mutations database 37 regarding their clinical implication and a recommendation should be made accordingly, noting that it is a new or minority mutation. Other relevant comments should be recorded to assist interpretation of the test, such as the analytical sensitivity of the test (in the context of the percentage of tumor cells in the extracted sample). Quantitative data on mutations may also be valuable.
PERSPECTIVES
Further evaluation of the significance of some EGFR mutations is needed, including assessment of the functional importance (clinical and/or predictive significance) of the less-common activating mutations. The results of the Greek mutations database have been published. 37 A continuously up-dated international database of mutation variants and patients' response to treatment is required. In some patients, the T790M mutation in exon 20 has been associated with acquired resistance to gefitinib. 10, 38 However, the clinical implications of the T790M mutation also needs further investigation; this mutation has also been found additionally in patients who have an activating EGFR mutation. 17 Other areas requiring further investigation include the reasons for nonresponse to TKIs in some patients with EGFR activating mutations, the heterogeneity in mutation expression within the primary tumor and mutation discordance between the primary tumor and metastases, and the significant association that has been observed between tumor histologic phenotype and EGFR mutations. 39 The relationship between new imaging technologies and EGFR mutation testing should also be investigated, as imaging may provide a way of assessing changes in tissue during treatment. 40 Additional mutation testing techniques are being developed, such as the peptide nucleic acid-locked nucleic acid PCR clamp assay, 11, [41] [42] [43] and may be useful in the future. However, it should be noted that any methodology that has not been used in the main clinical trials require validation and accreditation to ensure that they provide comparable results. With this in mind, simple standardized techniques as validated in trials may be optimal. Advanced techniques with increased sensitivity are being developed, but with these, comes the increased risk of false-positive results. These must be avoided, so that patients do not receive treatment from which they are unlikely to benefit.
SUMMARY
Clinical characteristics and histology have previously been documented as predictive factors for response to EGFRTKIs in NSCLC, e.g., female gender, never-smokers, and adenocarcinoma histology. However, recent findings suggest that tumor molecular profiling may soon supersede these selection factors in individualizing NSCLC treatment. 44 The most striking biomarker results have been the identification of activating EGFR mutations within NSCLC tumors, which have conferred superior patient outcomes with gefitinib compared with chemotherapy. 13 In this dawning era of personalized care in advanced NSCLC, EGFR mutations have emerged as a key predictive biomarker for EGFR-TKI treatment and should be the primary standard for selection of patients for first-line treatment with an EGFR-TKI. These recommendations from a multidisciplinary International Association for the Study of Lung Cancer-European Thoracic Oncology Platform workshop will help to optimize routine EGFR mutation testing in NSCLC for the use of EGFR-TKIs in Europe (Table 3 ). These early recommendations will help to facilitate the implementation of EGFR mutation testing, but further research to identify the best techniques is required, both within clinical studies and as the guidelines are validated in clinical practice.
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